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WELLBORE CASING 
Croea Reference To Bdated Applications 
Tbifl ap plicatio n claims the benefit of the fflmg date of U A Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 
This invention relate* generally to weUbore casings, and in particular to 
weDbore casings that are formed naing expandabl e tubing. 

Conventionally, when a weHbart is created, a number of casings are 
5 installed in the borehole top 
nndesired outflow of drmingffatid 

formation into the borehole. The borehole is drilled in intervals whereby a casing 
tvhich is to be installed inalower to 

installed ry fffr g of an upper borehole interval As a consequence of this procedure 
10 the casing ofthe lower interval is of smaller diameter thanthe casing of theupper 
interval Thus, the casings are in a nested arrangement with casing diameters 
deoeasing in downward direction- 

surfaces of the casings and the borehole wall to seal the casings from the borehole 
wall As a consequence of this nested arrangement a relatively large borehole 

15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy casing handling equ^ent,lar^ 
drill bits and increased volumes of drifting fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement p umpin g, cement 
hardening, required equipment changes dne to large variations in hole diameters 

20 drilled in the course of the wall, and the large volume of cuttings drilled and 
removed* 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
weDbore. 

25 Summary of Imramtittn 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that includes 



in the borehole, ixyectingfhiidiciM 

the liner in the borehole by extniding the liner off (rf the in^ 

According to another aspect of the present invention, a method of forming 
a wellbore casing is provided that includes drilling oat a new section of the 
5 borehole adjacent to the already existing casing. A tubular Uwaiid a maiidrel are 
then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing. A hardeoable fluidic sealing material is injected into 
an flrmnlftr- region between the tubular Hner and the new section of the borehole . 
The Armnbtr region between the tubular hner and the new section of the borehole 
10 is then fluidicly isolated from an interior region of the tubular liner below the 
mandreL A nan hardenable fluidic material ia then injected into the interior 
region of the tubular linerbebwthemandreL The tubular liner is extruded off of 
the mandrel The overlap between the tubular liner and the already existing 
nqpug ia sealed. The tubular Hner is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenahle fkudic sealing 
material is removed from the interior of the tubular hner. The remaining portions 
of the fluidic hardenable fkudic sealing material are cured. At least a portion of 
20 cured fluidic hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expending a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a flrstfluid 
passage. The mandrel is coupled to the support member and includes a second 
26 fluid passage. The tubular member is coupled to the mandreL The shoe ia coupled 
to the tubular liner and includes a third fhud passage. The first, second and third 
fluid passages are operably coupled. 

According to ffl nflfl > tty aspect of the present invention, an apparatus for 
ex panding a tubular member is provided that includes a support member, an 
30 expandable mandrel, a tubular member, a shoe, and at least one scaling member. 
The support member indudes a first fluid passage, a second ftnd passage, and a 
flow contro 1 valve coupled to the first and seco nd fluid passages. The expandable 



mandrel Is coupled to the mpport member »M "n»friri*s * third fl™j d passag e. Hie 
tubular member is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior regkm of the tabular m embe r 

According to another aspect of the present invention, a method of joining 
a second tabular member to a first tabular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that includes positioning a mandrel mthin an m 
10 of the second tubular member. A portion of an interior region of the second 

tubular member is pressurized and the 

the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 

provided that includes an annular member having one or more sealing membe rs 
15 at an end portion of the annular member, and one or more pressure relief passages 

at an end portion of the aTlTr niffr member. 

According to another aspect of the present invention, a weDbore casing is 

provided that includes a tubular liner and an annular body of a cured fhiMk 

sealing material. The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandraL 

According to another aspect of the present taveotion, a tie-back liner for 

liningan existing weDboro easing is provided that inc^^ 

annular body of cured fhririic sealing material. The tabular liner is formed fay the 

process of extruding the tubular Hner off of a mandreL The annular body of a 
25 cured fluMlc sealing material is coupled to the tubular U n er , 

According to another aspect of the present invention, an apparatus for 

expanding a tabular member is provided that includes a support member, a 

mandrel, atubular member andaihoe. Hie support member includes a first fluid 

passage. The mandrel is coupled to the support member. The mandrel includes 
30 a second fluid passage operahly coupled to the first fluid passage, an interior 

portion, and an exterior portico He interior portion of the mandrel is drfflabb. 

Thetabularmemberisccnqiledtotomand^ The shoe is coupled to the tabular 
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the shoe ifidrillable, 

f«r ereatineacasing within the new section of the 
embodiment of an apparatus for creating a caw* 

,0 .porTo^^ 

bet^ adjacent tubular men>b^ ft ^^ embodiment of 

HO. 7 is a fragmentary cross-sectional new of a preferred emDoaun 

^i.alragmentarycre.^ec^ 
expanded tubu^n*nnberwit^^ 

, . caaing including a drillable mandrel and shoe, 

.ppantuaforfoxinmgacaaingincn™ rfl ^ 1OT ««tu5ofFlG.9. 
30 FlG.SaiBanotter cro^eectionaimustratKmof tbeappara^ 

30 ^auotbereroe^onal^^ 

HQ. 9c is another cro^sectW flh^tration of tha apparatus of FIG. 9. 



FIG. 10a is a crosfr-eectfcmal illustration of a wellbare farlmy^ m 0 f 
aifoicen t overlapping casings. 

FIG. 10b is a croes-eectjonal illustration of an apparatus and method for 
creating a tie-back liner aging m sapandible fenhntf mf^ ^ ^r 
5 FIG- 10c is a cross sectional iDosfaratian of the pimping of a ihndic sealing 
material into the annular region between the tubular membeT and the er^^ 
casing 

FIG. lOdisa cross-sectional IDugtratkm of the pressurising of the interior 
of the tubular member below the mandrel. 
10 FIG. lOe is a oro g sec t ional fflustrattm of the extrusion of the tubular 
member offof the mandreL 

FIG. lOfisactoaa sectional Qhistraiicmof tbetk^^ 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
16 created using an expandable tubular member. 

FIG. llaisafragmeotaiycrosB^ 
new section of a weD borehole, 

FIG. lib is a fragmentary cro8&«ctional view illustrating the placement of 
an embodiment of an apparatus for hanging a tubular liner within tlw 
20 of the weU borehole. 

HG. He is a fragmentary crt*^^ 
a first quantity ofahaxdenableflnidic sealing material into the new section of the 
well borehole. 

FIG. 1 Id is a fragmentary cross-sectional view ffiuatrating the introduction 
25 ofa wiper dart into the new section of the well borehole. 
FIG. lie is a fragmentary raae-eectkma 
a second quantity of a haxdenaMeflaldte irelmgmaterfal into the new section of 
the well borehole. 

FIG. llf is a fragmentary cross pactional m«^ g ^ ^jmpi^m 
30 of the tubular liner. 
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Detailed Description of the Hhwtretive Embodiments 
An apparatus and method for farming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a weubore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method further permits adjacent tabular 
members m the weObore to be joined 

and or gas passage. The apparatus and method further permits a new tubular 
10 m em ber to be supported by an costing tubular member by expanding the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method further minimises the reduction in the hole size of the 
wellborn casing necessitated by the addition of new sections of wellboTe rasing 
An apparatus and method for forming a tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
1in«r tn hm created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manna:, a tie-back liner is 
produced. The apparatus and method rurther permits adjacent tubule 
in the weubore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method further permits a new tubular m 

to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular niember is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
26 embodmient^themteriorportioiw 

permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, m the event of a malfunct^ 
may be easily removed. 

An apparatus and TPfthnd for bj^gmg an ffTpanHnh le tubular liner in a 
30 weubore is also provided. The apparatus and method pennit a tubular 

attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general 



Referring initially' to Figs. 1-5, an embodiment of an apparatus and method 
for forming a weUbore casing within a subterranean formation will now be 
described. AsffiustxatedinFig. l,awBUbore 100 is positioned in a subterranean 
formation 105. ThaweUbore 100 includes an existing cased section 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the weUbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 200 for forming a weUbore casing in 
10 a subterranean fonnatkm is thffl 

100. Ita apparatus 200 preferably inchides 

tubular member 210> a shoe 215, a lower cup seal 220, an upper cup seal 225, a 
fluid passage 230, a fluid passage 235, afluMpassage240,seak245,aiHiasupport 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 
member 250. The expandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 embodiment, the expandable mai*!^ 

disclosed in UJ3. Patent No. 6,348,095, the orients of which are incorporated 
herein by reference, w**v*m«d in accordance with the i****™^ of the present 
disclosure. 

Thetulnilarmeniber210tt The 
25 tubular member 210 is expanded in the radial direction and extruded off of the 
expandable mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional commercially available materials such as, far example, 
Oilfield Country Tubular Goods (OCTG), 18 chromium steel tubing/casing, or 
plastic tubingteaaing In a preferred embodiment, the tubular member 210 is 
30 fahrieat^l from HfiTft in order ■fewmgtfr aft er expansion The inner 

and outer diameters of the tubular member 210 may range, for example, from 
approximately 0.75 to 47 Inrhen end LOS to 48 inches, respectively. In a preferred 



embodiment, the inner and outer diameteraoftbetubii3»mcinber210ian^fi^m 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In ftref*rr*A mnlvirimiftrtt, the mA portion 260 of the tohnlar member 21 0 

is slotted, perforated, or otherwise modified to catchy 

when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is to minimize the 

possibility of budding. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

Hie shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

16 example, Super Seal II float shoe, Super Seal HDown^et float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 216 
comprises an ahuninum down-jet guid e shoe with a sealing sleeve for a latch-down 
phig available from Halliburton Energy Services in Dallas, TX, m odi fi ed in 

20 accordance with the teaching* of the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overtopping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 \n * pwrffrrwwl Amtw^miant *K» «hnft 2 1 fi mrittdaa one or more through and 

side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenahle fluldic sealingmaterial into the 
region outside the shoe 215 and tubular member 210. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

SO receive a dart andVcr a baUBeaUngme 
can be optimally sealed ofH^ 
into the fluid passage 280. 



The tower cupaeal 220 is coupled to and supported by the support meinber 
250. The lower cup eeal 220 prevents foreign mfltrnialB from entering the interior 
region of the tubular member 210 atflacent to the expandable mandrel 205. The 
lower cup eeal 220 may comprise any number of conventional commercially 
5 available cup seals such as, to example, TP cops, or Selective Ejection Packer 
(SIP) (^modified in accordance with the teachinga of the present disdoeure. In 
a preferred embodiment, the lower cup seal 220 compriseeaSIP cup seal, available 
from Halliburton Energy Scrvicw 
material and contain a body of lubricant 

10 The upper cup seal 225 is coupled to and supported Ijy the support member 
250. Tha upper cup seal 225 prevaxrts foreign materials ftm 
region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conventional commerdalfr available cup seals such as, to sample, TP 
cups or STP cups modified in accordance with the teachings of tha present 

15 disclosure. In a preferred embodiment the upper cop seal 225 comprises a SIP 
cup, available from rTslliburton Energy Services in Dallas, TXin order to optimally 
block the entry of foreign materials and contain a body of lubricant 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubulaxmember 210 belw the expandable man^ 

20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 206. The fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 
mandrel 205. The fluid passage 230 is preferably positioned along acentertinsof 
the apparatus 200. 

25 The fluid passage 230 is preferably selected, in the casing running mode of 
operation, to transport materials such as drilling mud or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 
psi in order to minimize drag on the tabular member being run and to minimize 
surge pressures exerted on the waffle 

30 and lead to hole collapse. 

The fluid passage 235 permits fluidic materials to be released from the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the 



new section 130 of the wellbore 100, fluidic materials 265 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tubular member 210 
thereby TniniTni ring surge pressures on the wellbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidkly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllaMy 
opening and dosing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to con^ The 
fluid passage 235 is preferably positioned substantial^ orthogonal to the canteriine 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 galkm^minute and 0 to 
9,000 pei In order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimise surge pressures on the 
15 new wellbore section ISO. 

Hie fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. The fluid passage 240 preferably has a crosa-aecticmal 
shape that permits aphig, or other similar device, to be placed in fluid passage 240 
to thereby block flirther passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluididy isolated from the region exterior to the tubular member 2 10. This permits 
25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantialry 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In tfais manner, the fluid passage 240 can be sealed offbv introducing a plug, dart 
and/or ball sealing dements into the fluid passage 230 . 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubularmember210. Theaeals 245 ai« farther positioned 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 ofthe tubular member 210 to be ftuidicfy seeled The seals 245 may comprise 
any number of conventional commercially available seals audi as, for example, 

10 lead, rubber, Teflon, or cpoxy seab modifta! in accordance with the frnrhtngw of 
the present disclosure. In a preferred embodiment, the seals 245 are molded from 
Strntatofk eposy nrfitafrfe trm ^sflih*"*™ 1 T\m\\m* TTin order 

to optimally provide a load bearing in t erfe r en ce fit between the end 260 of the 
tubular member 210 and the end 270 ofthe existing casing 115. 

15 In a preferred embodiment, the aaala 245 are selected to optimally provide 
a sufficient frictional force to support the exparided tubular member 2 10 from the 
existing casing 115. In a preferred embodiment, the frictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 

20 < Ito support member 250 is coupled 

member 210, shoe 216, and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to cany the 
apparatus 200 into the new section 130 of the weDbore 100. In a preferred 
embodiment, the support member 250 farther include* one or more conventional 

25 centralizers (not illustrated) to help stabfflse the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member210. In this manner, the extrusion of the tubular member 210 off 
ofthe expandable mandrel 205 is facilitated. The lubricant 275 may comprise any 

30 number of conventional commercially available lub ri ca nt s such as, for example, 
Lubripla to, chlorine based lubricants, oil based lubricants or Climax 1500 Antiaipir.* 
(8100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 
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Antiaieze (3100) available from ClimflT T *Tbricanta tnd Equipment Co. in Houston, 
TXin onier to optimally provide optimum lubrication to facfliate the rrpansrem 
process* 

In a p r ef erred embodiment, the support member 260 is thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatus 200. In thin manner, 
the introducticm of foreign material into the apparatus 200 is minimized. This 
minimizes the pn««hflay n<f foreign material dogging the variousflow passages and 
valves of the apparatus 20a 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the wellbore 100, a couple of weObore volnmea are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with tha expansion 
process. 

15 As illustrated in Fig. 3, the fluid passage 236 is then dosed and a hardenable 

fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230* The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
815 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 316 at 

26 pressures and flow rates ranging, for example, from about 0 to 5000 pei and 0 to 
1,500 gallons/mm, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sizes, wellbore section length, 
available pumping equipment, and fluid properties of the fluidic material being 
pumped The optimum flow rate and oper atin g pressure are preferably determined 

30 using conv entional """pTricul ^^fltV^fri 

The ha rienable fluidic sealing material 905 may comprise any number of 
conventional commercially available hard enable fluidic sealing materials such as, 
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far example, slag mix, cement or epoxy. In a preferred embodiment, the 
hanfrnahle fluidic pealing material 805 commieee a Mended cement prepared 
specifically for the particular well section being drilled from Halliburton Enorgy 
Services in Dallas, TX in order to provide optimal support for tabular mente 
5 whil e also maintaining optimum flow characteristics bo as to minimize diflBcolties 
during the displacement of cement in thoannalar region 315. The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods 

The annular region 316 preferably is filled with the material 305 in 

10 suffident quantities to ensirotha^ 

210 t the annular region 815 of the new section ISO of the wellbore 100 will be filled 
with material 806. 

In a particularly preferred embodiment, as iltastrated in F!g, Sa, the wall 
t^i>irrift«t anAfnr the outer diameter of the tubular member 210 ia reduced in the 

15 region adjacent to the mandrel 205 in order optimally permit pl acement of the 
apparatus 200 in positions in the wellbore with tight clearances. Furthermore, in 
this manner, the "i? ta >tWi of the radial «wp™«fcw of the tabular member 210 
during the extrusion process is optimally f ac ilita ted. 

As illustrated in Fig. 4, once the annular region S16 has been adequately 

20 fill ed with material 306,apfag405, or other shnflardeylo^istotiodiicedintoihe 
fluid passage 240 thereby fluidity isolating the interior region 310 from the 
annular region 315. In a pr e fe rred embodiment, a nim-hardenable fluidic m aterial 
306 ia then pumped into the interior region 310 causing the interior region to 
pressurize. In this manner, the m***** nifth* **pmfoA tabular member 210 will 

25 pot c f-frri- «gmflfHmt amounts ™aptmi1 3Q5 This reduces and simplifies 

the cost of the entire process. Alternatively, the material 305 may be used during 
this phase of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tubular 
member 210 is extruded off of the expandable mandrel 205. During the extrusion 

30 process, the expandable mandrel 205 may be raiaed out ofthe expanded portion of 
the tubular member 210. In a preferred embodiment, daring the extrusion 
process, the mandrel 206 is raised at approximate^ the same rate 
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member 210 is expanded in order to keep the tabular member 210 stationary 
relative to the new weUbore flection 130. In an alternative p re fer red embodiment, 

the ertruacm process is 

the bottom of the new weUbore section 130. keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new weUbore section 130 under the force of gravity* 

Hie plug 405 is preferably placed into the fluid passage 240 by introducing 
the {dug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acta to ftiridicly isolate the hardenable fluidic 
10 sealing material 806 ft™ the pon hardanahlfl fluidic material 306, 

The plug 405 may comprise any number of conventional commercially 
A*™** from phtggmg afmid passage such aa. to exaim^. Multiple Stage 
Cementer (MSG) latch-down phig, Omega UtchKiown plug cir three-wiper latA 
downphigmodifiedinimmian^ I* 
15 aprtfi—- 1 embodiment, the P ing40S comprises aMBC latch^own dug available 
from Halliburton Energy Services 

After placement oft he plug 405 in the flnid passage 240, anon hardenable 
fluidic material 306 is prefer^ 

and flow rates ranging, for example, from approximately 400 to 10,000 psi and SO 
20 to 4,000 gallonf/min, In this manner, the amount of hardenable fluidic sealing 
mater ial within the interior 310 of the tubular member 210 is minimised In a 
preferred embodiment, after platement of the phig 405 in the fluid passage 240, 
the nonharderiabkmaterial306 is prefertbry pumped i^ 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
25 8,000 gpn^^fr nin in frH** to wrfcrmrimi speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimis* 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 2 10 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tubular member 210, the type of lubricant and the yield strength 
of the tubular member 210. In general, the thicker the waEthfckness, the smaller 
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the inner diameter, and the greater the yield strength ofthe tubular member 210, 
then the greater the operating pressor 
210 off of the mandrel 205. 

For typical tabular members 210 t the extrusion ofthe tubular member 210 

5 off of the expandable mandrel will begin when the pressure ofthe interior region 
310 indies, to example, an 

Dnrfa g tin* extrusion pr"*"*, the rrp** 1 ' 1 *** 1 * QQfi nay tw* raised 

out ofthe «*p*^^ portion ofthe tubular member 210 at rates ranging, for 
example, from about 0 to 5 ft/sea In a preferred embodiment, during the extrusion 

10 process, the expandable mandrel 206 is raised out of the expanded portion of the 
tubular member 210 at rates ranging ftomabout0to2ft/« in order to mining 
the time required far the expansion process while also permitting easy control of 
the expansion process* 

Whan the end portion 260 ofthe tubular member 210 is extruded offof the 

16 expandable mandrel 206, the outer surfsc* 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
porticra 270 ofthe casing 115 to fto The contact 

pressure ofthe overlapping joint may range, for example, from approximately 50 
to 20,000 pal In a preferred embodiment, the contact pressure erf the overlapping 

20 joint ranges fh>m approximately 400 to 10,000 psi in order to provide optimum 
pressure to activate the annular sealing members 246 and optimally provide 
res istance fr> ft™ 1 ^j^rim tn accommodate typ*** 1 fa^fa and co mpr essive loads. 

The overlapping joint between the section 4 10 of the existing casing 1 15 and 
the section 265of the expanded tubulsrmem 
25 T " m p^mUrfr pwrfmud itmhnriftrwmt, the eptfllmf TTiBmherfi 245 

optimally providg a ftudic and gaseenMaealinthoovHr la p pi ngjoinL 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenahleflnidic aftfl Is ***ntrc\r\M&ity ramped down when the expandable 

mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, the sudden release of pressure caused by the complete extrusion of the 
tubular member 210 off of the expandable mandrel 205 can be minimised In a 
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preferred embodiment, the operating pressure is induced in a substantial^ linw 

fashion from 100% to about 10% during the end of the eitnison process 

when the mandrel 205 is within about 5 feet from completion of the extrusion 

5 AHernati^,ormcoinb^ 
manbex 250 border to absorb the 

The abode absorber may comprise, for example, any conventional commercially 
available ahock absorber adapted for use in irellbore operation* 

Altcrnatmriy, pt hi f^*"™*"™, » mandrel catching structure ia provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is oarnplrtH, the expandable mandrel 206 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidk seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 116 is tested using conventional methods. 

If the Guidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the tower por^ 
then any uncurediwrtkm 
20 2 10 is then removed in a conventions 1 manner such as, for example, circulating the 
uncured material out of the interior of the expanded tubular member 210. The 
™*mrfr Al 2ft5 is then pulled out of the wellbore section ISOandadrillbit or millis 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 ia then allowed to core. 

As flhiatreted in Fig. 5, preferably any remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505, The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 
30 ennularlayerSlSofcuredmalerW The bottom porttonofthe apparatus 200 
comprising the shoe 216 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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1^ a jn^fort^ ^nW Wnt, m ilhurtrmtei in Fif . 6, the upper portion 260 
of the tubular member 210 inefti «"« mrifag members 605 and one or 

more pressure reliefhofcm 610. In this manner, the pvwtoppiag joint betwem the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equa&^dnrmg the extrusion process. 

In a p re f erre d embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment! the sealing 

10 members 605 are bonded or molded onto the outer sorftcc 265 of the upper portion 
260 of the tubular member 210. The pressure relief holes 610 ore preferably 
positioned in the last few feet of the tubular member 210. The pressure relief 
holes reduce the operating pressures required to expand tfce upper portion 260 of 
the tubular member 210, This reduction in required operating pressure in torn 

15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. Thk reduction in velodfr in to 
entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a easing within a weDbote preferably includes an 

20 expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 715, afloat shoe 720, a lower cup seal 725* an upper cup aeal 730, 
a fluid passage 735, a fluid passage 740, a support member 745 p a body of lubricant 
750, an overshot connection 755, another support member 760, and a stabilizer 
765. 

25 The expendable mandrel 705 is coupled to and sup p orted by the support 
member 745. The expandable mandrel 705 is tether coupled to the expendable 
mandrel container 710. The expendable mandrel 705 is preferably adapted to 
controllahly expand in a radial direction. The expendable mandrel 705 may 
comprise any number of conventional commercially available expandable mandrels 

30 modified in accordance with the teachings of the present disclosure, Inapreferred 
embodiment* the expand able mandrel 705 c ompris es a hydraulic frTp OT ** nn tool 
substantially as disclosed in U& Pet No. 6^48,095, the contents of which are 
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incorporated hereinby reference, modified in accordance with the teachings of the 
present disclosure. 

Tfce expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titan rn m or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 
10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can ha fabricated from a tabular material having a thinner wan 
t hK^™— t hm i the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its plac ement within the wellbore . 
In a preferred embodiment, once the expansion process begins, end the 
15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 
20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTO), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 
25 In a preferred embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly pr e f erred embodiment, the tubular 
ynwiVtflr 71 has * substantially wtphIat mnniAr cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 
30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 



-18- 



preferably definedbytheregionb^^ 

contanw 710 amending with tto The 
kmer section of the tubular member 715 is preferably defined by the region 
beginning in the vidnny ef the mandrel 706 end ending at the bottom 825 of the 

5 tabular member 715. 

Inapnrferraieinbotfniei^ 
the tubular member 715 ie greater than aewanthjckneseeaciftheinterinedlate 
and lower sections 810 and 815 of the tubular member 715 m order to optmiauy 
faeffiate the initiation of the extrusion pnwsa and optfmel^ permit the apparatus 
10 7MtobepositionedmlDc8tioMmtbew 

The outer diameter and wall tbiekneas of the upper eeetitm 806 of the 
tubular member 715 mayr«>ge,fi^ 

to 2 tacfces, respectively. In a preferred enu^odunmt, the outer di^^ 
thitincga of the upper section 805 of the tubuto 

15 to 16 inches and 8/8 to L5 inches, respectively. 

Thp opter diameter and wril thkknessof theinter iri * d in to m>rrion810 of the 
tubular member 715 may range, for example, from about 2^ to 50 inches and 1/16 
to LB inches, respectively. In a preferred emlxdiment, the outer diameter and 
thickness «f tha intermediate section 810 of the tubular member 716 range 
20 from about 3*6 to 19 inches andl/B to LMmehen, respectively. 

The tratcr diameter and wall thickness of the lower section 815 of the 
t»fcular member 715may range, fbre»an^fromaboirt23to60mcbesandlA6 
to 1.26 inches, respectively. In a preferred em bodi me n t , the outer diameter and 
wall thickness of the lower section 810 of the tabular meniber 715 range from 
25 about 8.6 to 19 inches and 1/8 to 156 inches, respectively. In a particularly 
profit gmh^r^t, t>w> thiAnawof the lower section 816 of the tubular 
member 715 is further increased to increase the strength of the shoe 720 when 
drfllable materials such as, for example, aluminum are used. 

The tubular member 715 preferably comprises a solid tubular member. In 
SO apreferredembodmient,theend portion^ 

perforated, or otherwise modified to catch or slow duvm the mandrel 705 when it 
completes the extrusion of tubular member 716. In a preferred embo di ment , the 
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l en g t h of the t u bu lar mem ber 715 is limited to minimize the p^ffff^V iHtyofb iFr^^g 
For typical tubular member 716 materials, the length of the tabular member 715 
is preferably limited to between about 40 to 20,000 feet m length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 

5 member 715. The shoe 720 includes the fluid passage 740. In a pre fer red 
embodiment, the shoe 720 further includes an inlet passage 330, and one or more 
jet ports 635. In a particularity preferred embodiment, the croea-eectjooal shape 
of the inlet passage 830 is adapted to receive a latd*4own dart, or other simOar 
elements, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably includes a body of mM matprial 840 for increasing the strength of the 
shoe 720. In a particul arly pr e fer red embodiment, the body of solid material 840 
comprises aluminum. 

The shoe 720 may comprise way number of conventional commercially 
available shoes such as, for —ampin, Super Seal II Down-Jet float shoe, or guide 

16 shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a p r e ferred embodiment, the shoe 720 
r^nrpT^y^ m aluminum down»Jet guide nhn* with a rating jd««pft far * latch-down 
plug available from Halliburton Energy Services in Dallas, TX> modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the wellbore, optimize the seal between the 
tubular member 716 and an existingweUbore casing, art 
removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cap seal 725 is coupled to and supported by the support member 
745. The Lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 shove the expendable mandrel 705* The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified fn amrrdaTif* with the teachings ****** pr+*mt disclosure. In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TC in order to optimally provide a debris 
barrier and hold a body of lubricant 



The upper cup seal 730 is coupled to and supported^ the support member 
760. The upper cop seal 730 prevents foreign 

region of the tubular member 715, The upper cup seal 730 may comprise any 
number of conventional m^^^^^^^^^^^e"^, 1 ^ 
5 cope or Selective Injection Fader (SIP) cup modified in ac cor d ance with the 
teachings of the present disclosure In a preferred embodiment, the tipper cup seal 
730 compriooq a SIP rnp avail nhh frftm Halliburton ^<^gy Rgrrfcftfl m Dallas, 
in order to optimally provide a debris barrier and contain a body of lubricant 
The fluid passage 735 permits fluidic materials to be transported to and 

10 from the interior region of the tubnlar member 715 below the erpandahto mandrel 
705. The Arid passage 735 is fluMfcfr coupled to the fluid passage 740> The fluid 
passage 735 is preferably coupkd to and positioned within the support member 
760, the support member 745, the mandrel container 710, and the expandable 
mandrel 705. The fluid passage 735 preferably extends from a position ad&acent 

16 to the surface to the bottom of the expandable mandrel 705. The fluid passage 735 
is preferably positioned along a centerline of the apparatus 700. The fluid passage 
73 5 is preferably selected to transport materials such as cement, drilling mud or 
epox ies at flow rates and pressures ranging from about 40 to 3,000 galtons/nunute 
and 500 to 9 ,000 pei in order to provide sufficient operating pressures to extrude 

20 the tubular member 715 off of the expandable mandrel 705. 

As, described above with reference to Figs. IS, during placement of the 
apparatus 700 within a new section of a weflbare, fluidic materials forced up the 
fluid passage 735 can be released into the wellbore above the tubular member 715. 
In a pref erred embodiment, the apparatus 700 flirther includes a pressure release 

25 pqgftflgp tb«t iff — »pi«»* tn md positioned within the *«xT rtTt mftmhf * r 260- The 
pressure release passage is further flnidklycoapled to the fluid passage 735- The 
pressure release passage preferably includes a control valve for controUably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure activated in ortotocant^^ The 

30 pressure release passage is preferably positioned substantially orthogonal to the 
centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such as cement, drilling mild or epoxies at fk>w rates 
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and pressures ranging from about 0 to 500 gallon s/mfmite and 0 to 1,000 psi in 
order to reduce the drag an the apparatus 700 during insertion toto a i«w section 
of a wellbore and to minimize surge pressures on the raw wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in flnidk c om m uni ca t io n 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The Quid passage 740 preferably has a cross-Bectional shape that permits a 
plug, or other similar device, to be placed in the inlet 830 of the fluid passage 740 
10 to thereby block further passage offluidk materials. In this manner, the interior 
region of the tubular member 715 below the expandable mandrel 705 can be 
optimally fluidkfy isolated from the region exterior to the tubular member 716. 
This permits the interior region of the tubular member 715 below the expands 
mandrel 205 to be pressurized. 
16 The fluid passage 740 is preferably positioned substantially along the 

centerHne of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or eposes at flow rates and 
pressurea ranging from aboutO to 3,000 gaB(mstoinuto and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and anew 
20 section of a wellbora with fluidic materials. In a preferred embodiment, the fluid 
passage 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducmg a plug, dart and/or ball sealing elements into the fluid 
passage 230. 
25 inaprrfenedentodiment,tte 

seals 845 coupled to and supported by the end portion 820 ofthe tubular member 
715. The seals 845 are further position ed on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting caring and the end portion 820 of the 
80 tubular member 715 to be fluidity sealed. The seals 845 may comprise any 
n umber of conventional commercially available seals such as, lor example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the teachings of the 
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present disclosure. In s preferred embodiment, the seals 846 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
6 eiisting casing with optimal load b^ 
715. 

In a preferred embodiment, the sejJs 845 are sel«^ to provide a sufficient 
frictions! force to support the expended tabular member 716 from the existing 
easing. In a ptvfei i ed embodiment, the frictional force provided by the seals 845 

10 ranges from about 1,000 to 1,000,000 Win order to optimally support the 
expanded tubular member 715. 

The BOpport member 746 is preferably coupled to the expandable mandrel 
705 and the overshot connection 765. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 

16 700ratoanevrsecttoofawem^ 

number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, *3m support member 745 coinprisea conventional drill pipe available 

20 fttim various steal milUm the Um^ed States. 

In a preferred embodiment, a body of lubricant 760 is provided in the 
annular region above the expandable mandrel container 710 within the interior of 
the tubular member 71 6 In thi*™**™^ tHAfprtfnr'<pr^ pf th* fo*frn T<rr Tr» m * w ' 71 k 
off of the expandable mandrel 705 is facilitated . Thehhricant 705 may comprise 

25 any number of conventional commercially available lubricants such as, for 
example, Lubriplate, chlorine based lubricant*, ofl based lubricants, or CHmax 
1500 Antisiexe (3100). In a preferred embodiment, the hmricant 750 comprises 
Climax 1600 Antisiexe ($100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide lubrication to faciliate the extrusion 

30 process, 

The overshot connection 755 is c^ 
support member 700; Tbi& overshot connection 755 preferably permits the suppurt 
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member 745 to be removably coupled to the support member 760. The overshot 
connection 765 may comprise any number of conventional cxmimerciaily available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Ixmerstrmg Fiat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 prefer red embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferabry coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 780 
10 preferably comprises an annular 

apparatus 700 into a new section of a wellbore. The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, ste^driU pipe, 

mwii^m accordance with the teachings of the present In a preferred 

15 embodiment, the support member 760 comprises a conventional drill pipe available 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabiliser 765 also preferably stabilize* the components of the apparatus 700 
within the tubular member 715. The stabilizer 766 preferably comprises a 
20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the fibular member 715. The stabilizer 765 may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or dragblocks modified in accordance with the t eachings 
25 of the present disclosure. In a preferred embodiment 

a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assemb^ to the ranaini^ 
30 700. In this manner, the introduction of foreign material into the apparatus 700 
la minimised TWa minimizes the possibility of foreign material dogging the 
various flow passages and valves of the apparatus 700. 
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la a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of wellbore volumes are circulated 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located wi^^ 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansion mandrd 705 dormglheezpazision process. 

In a preferred embodiment, the apparatus 700 is operated substmtially as 
described above with reference to Pigs, 1~7 to form a new sectfon of casing within 
a wellbore. 

10 Aa illustrated in r^ 8, in an alternate 

and apparatus described herein is used to repair an existing weDbore 
by forming a tubular liner 810 inside of the existing wellbore casing 805. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative preferred embodiment, any number of fluldic 

15 materials can be used to erprnid the tubular Hner 810 into intimate contact with 
the damaged section of the wellbore casing such as* far example , cement, epoxy , 
slag mix, or drilling mud. In the alternative pr e ferred embodiment, sealing 
members 815 are preferably provided at both end^ of the tubular mmber in order 
to optimally provide a fluidic seel In an alternative preferred embodiment, the 

20 tubular liner 810 is fonnedwithfa^ 
sa those used to transport hydrocarbons 

in an overlapping relationship with the adjacent pipeline section. In this manner, 
underground pipelines can be repaired wilhart having to dig out and replace the 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 
described hereto is used to dire In a 

prefer r ed emb odiment, an outer annxdar lining of cement Un^ 
the tubular liner 810 and the wellbore. In the alternative pr efer red embodiment, 
any number of fluidic materials can be used to expend the tubular hner 810 into 

30 intimate contact with the wellbore such as, for example, cement, epoxy, slag mix, 
or drilling mud. 
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In a preferred embodiment, the combined length of the tubular members 
902 and 915 arehmhed to minimize For typical tubular 

member materials, the 

limited to between about 40 to 20,000 feet in length. 
5 The lower portion 9 14 of the tubular member 902 is preferably coupled to 
the dioe 908 by a threaded conMction 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906* 

The tubular member 902 may be fabricated from any number of 
10 co n ve n t i onal commercially available ™« f * f -** 1 » audi as, for example, oilfield 
tiifrnigrf y*w mX\ny i^ifirm nr «fat4nl*«* afcarfa. in a p r efer r ed embodiment, 
the tabular member 902 is fabricated from oilfieMtabtilartinorder tooptimalty 

In a particularly prrferred embodiment thatubtdar member 902 haaap 
15 point ranging from about 40,000 to 136,000 psi in order to optimally provide 

approximately the same yield properties as the tubular memb er 915. 

Tbi* wall thickness of the upper, intermediate, and lower portions, 910,912 

and 9 14 of the tubular member 902 may range, fer example, from about 1A6 to 1.5 

inches. In a preferred emhndrmftnt, the wall thickness of the upper, intermediate, 
20 end lower portions, 910, 912 and 914 of the tabular member 902 range from about 

l/Btol^hiordvtoopthnalfrpnm 

the tabular member 915. In a preferred embodiment, the wall thickness of the 
lower portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clea r ances 
25 downhola. 

Th* outer diameter of theupper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, far example, from about 1.05 to 48 
inches. In a preferred embodiment, the outer diameter ofthe upper, intermediate, 
and lower portions, 910, 912 and 914 of the tabular member 902 range from about 
30 3 W to 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfield tubular*. 
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mandrel 906 and a body of lubricant. 

Tbe tubular member 902 may comprise any number of conventional 

^p^diacU-ure. In a ^ en^t, th. tubular 

^ tubular members modi** in ^^^^^^ 
10 p^diadoaore.ln.pr-f^embodb^ 
^Country Tubular Goo^ 

Tnevariouaeknientaofthetobu^ 

_ M«da threaded connections, 
nuI nber of conventional procesi guch «*, for example, tnreaoea 
nuuu » . in • preferred enuwdimeiit, the various 



embodiment, the wpport member 9^ 
to optimal^ provide 

The imxerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The hinerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 918 ispref«abJyusedto amveylluidsaodotbwniaterials 
to and fiom the apparatus 900. In a preferred embodiment, the fluid paasage 918 
is fhndicly coupled to the lluid passage In a preferred e mbodim ent, the fluid 
10 pattffgt gig in need to y *™flflnnbfr fM**» «**i™gtn«t»ti«>i a to «d 
apparatus 900. Inapartfailartr preferred em^ 

include one or more pressure relief passages (not illustrated) to release fluid 

pressure during positing In a preferred 

embodiment , the Arid passage 918 iapostttoned along a kmgtudinal centernna of 
16 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 

to permit the conveyance of hardenable fluidic materials at operating pressures 

ranging from about 0 to 9,000 psL 

The upper guide 920 ia coupled to an upper portion of the support memner 

904. The upper guide 920 preferabty is adapted to center the su^ 
20 witlaintl» tubular member 9^ The upper guide 920 may comprises^ 

of convTOtional guide mem 

present disclosure. In a preferred embodiment, the upper guide 920 comprifles an 
izmeratilngadapter available frw 

to optimal^ guide the apparatus 900 within the tubular member 915. 
25 The coupling 922 couples the suppo The 
coupling 922 prtrfWrably ifrrnipriy e ffyn^m^tonal threaded connection. 

The various elements of the support member 904 
number of conventional processes such as, for example, welding, threaded 
connections or machined from one piece In a pr e fer re d embodiment, the various 
80 elements of the support member 904 are coupled oaing threaded eonnectiora. 
The mandrel 906 preferably inctoto arete 
expansion cone 928>atow«r cone retainer 930. abo4y of cement 
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950, end afluid passage 952. 

Tteretabw^iacnupledtothe^ 
5 948 a»dtberubbercup926. mxetsiB.r 924 couples the robber cup 926 to to 
^^^948. TLeret^er924 P «f^^bB 3a substan t i fl n y a^ 
cr06Mectioa . The retainer 924 may comprise any number of «m«n*onal 
^erdal* available retainers ^ ^ for ex^ple. slotted spring pins or roll 

10 ^ The rubber cup 926 is coupled to tber^ 

946 andiha lubricator^ 948. Tne rubber cup 92« pre^t. the en^of 
^^terinlsintotheinteriorr^ 

rubbercnpm Theiubbercup928,i^coin»ri« W*^*""*^^ 
CMMneTdaDy available rubber cup. such as, for 
W Injection Packer (SIP) cup. In a preferred embodiment, the 
^.SIPcupavaUable^HsniburtonEne^ 

^ to optimalry block foro^nurteriali 

to a particularly preferred trfnall^ » ta^ rf 
p ^ ta toi n t^xegk«972oftbetubn^ 

^ Oft hetub«la,»«nb«902and916. Tbehd^tu^cou^rise »7 
Lriplate.cblo^^ 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
028 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion coite 928 preferably bra 

5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a pr e fe r r e d embodiment, the wall 
thickness of the expansion cone 928 ranges from about 0^ to 0J5 inches in order 
to pp timaHy provide adequate compressive strength with minimal material The 

10 maximum and minimum outside diameters of the expansion cone 928 may range, 
Ihr example, from about 1 to 47 Inches, fnapefbrredembodrnent^themaxinmm 
and minimum outside diameters of the expansfan cone 928 range from about S£ 
to lft in ttnjfTftr fftiir p 1 frrrn wM '» T*nmm of generally available nflfiAid tubular* 
The expansion cone 928 may be fabricated from airy number of conventional 

15 nnmmmr rtMy flv»flahk> materials such as. for example, ceramia tool steel titanium 
or low alloy stoeL In a preferred embodiment, the cxpanafan cone 928 is fabricated 
from tool steel in order to optimally provide high strength and abrasion resistance 
The surface hardness of the outer surface of the expanaion cone 928 may range, for 
example, from about 60 Rockwell C to 70 BockwellC In a preferred embodiment, 

20 thf inirfr~ of the *«*»r surface rf the expanakm cone 928 ranges from 

about 68 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a p r pf f i iml mnHwHmrTft, the frr*"*"™ cone 928 ™ ******* tn 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 

25 The lower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross-section. 

The lower cone retainer 930 may be fabricated from any number of 

30 conventional commercially erallab^ 

steel, titanium or low alloy tteeL In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. Thesurface hardness of the outer surfaceofthe 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
RockwdlC. In a preferred embodiment, the sui^ 

of the lower com retainer 930 ranges aboiit 58 EockweU C to 62 Rockwell C 
5 in order to optimal^ provide^ 

lower cone retainer 930 is heat treated to optimally provide a hard outer surface 

and a resilient interior body in order to optimaUy provide abrs*i^ 

fracture toughness. 

In a preferred embodiment, the towered 
10 cone 928 are formed as an integral one-piece dement in order reduce the number 

of components and increase the overall strength of the apparetos. The crater 

surface of the lower cone retainer 930 preferably mates with the inner surfaces of 

the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 
15 The body of cement 932 provides an mneT bearing stnicture for the mandrel 906. 

The body of cement 932 fta*herm 

device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 amuneraaBy available cement compounds. Alternatively, aluminum, cast iron or 
some other drillable metallic, composite, or aggregate materialman 
for cement The body of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940, 
25 Duringoperetion of the apparel 

the movement of the mandrel 906 within the tubular meii^ 902. The lower 
guide 934 preferably baa a substantial^ annular enw^^ 

The lower guite 934 may be fahr^^ 
commercial^ available materto 
30 steel or stainless steel In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel m order to optimal^ 



The outer surface of the lower guide 884 prdtoblyinatowtththBimMa-surfiu* 
of the tabular member 902 to provide a sliding fit 

Tbeexteiuaonakeve9S6isD3trp^ 
940. Duiingoperat»noftbeappereto900,^ 
5 helps guide tbe movement of the mandrel 906 within the tabular member 902 . 
The exteniricn sleeve 936 preferably 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materiala Bach as, for example, oilfield 
tubular*, low alloy sted or •tattle* steel In a preferred embodiment, the 
10 extension ileeve 936 ifl fabricated fxom^ 



with tbe inner surfarc of the tuliub^ 
preferred embotot, the extension aW 

formed aa an integral one-piece element in order to munmixe tbe number of 
16 components and increase tbe strength of the apparatus. 

The spacer 938 is coupled to tbe sealing sleeve 942. The 



tube 960 of tbe shoe 908. Inthia nwiuuB-.aplug or dart csn be convey^ 
surface through the fluid passages 918 and 952 into the fluid passage 962. 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials guch as, for example, steel, ahmnnum or cast 
iron, toaprtfemriembodimer^ the spacer 9^ m 
order to optimairy provide drillabiHty. Tbe end of the spacer 938 preferably mates 
26 with tbe end ofthe extension tube 960. In a preferred embodiment , the spacer 
938andtbeaealnigileeve942a«eformBdaBm 
to reo^ the rramber of components 

The housing 940 is coupled to the lower guide 93*. extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
30 operation ofthe apparatus 900, the houamg 940 prefexehry presto mntt 
motion ofthe expansion cone 928. Preferably, tbe houamgfMO has a substantially 
annular < 
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■ --» fte connection between toe 

940 mcludes one or more protrusions to aemaw w» 

l0 hou»ng940Miatbobodyofoem«k982. ^wo-of 



15 thfi coupling 922. Preferably, the aaaling above 942 Ms 

aoawection. u^^tomanynumberof conventional 

^^Z* embodiment, the waling sleeve 942 ia fhbrk** torn 




Beali ^^942 and the body of cement 932. 
In a particularly prefab ^ 

number of oompoMats- oofi the 

30 cone 928. Preferably, the upper cone retamer 944 Ima a a.mamnu- 



cross-section. 
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Tfcfl upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
alnxnizmm or cast iron. In a preferred ffmhortimflnt, the upper cone retainer 944 
ia fabricated from ataminimim 
5 cone retainer 944. 

In a particularly preferred embo^^ 
cr odd sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a crosa-sectional shape 
that is substantially I-«haped to provide increased rigidity and minimise the 
10 amount of material that vfoold have to be drilled out 

The lubricator mandrel M6 is coupled to the retainer 824, the robber cup 
926, the upper cone retainer 944, the lubricator sleeve 948, end the guide 950. 
During operation of the a ppar a tus 900, the lubricator mandrel 946 preferably 
con tains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and the tabular member 902, Preferably , the 
lubricator mandrel 946 has a substantia^ annular croes^edion. 

The lubricator mandrel 946 may be fabricated from any number of 
~N conventional commercially available materials such as, for example, steel, 

aluminum or cast iron. In a fr fo i i ml embodiment, i nbr t rn tur mandrel A46 is 
20 fabricated from in order to optimal*/ provide drillability of the 

lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 948, the 
retainer 924, the rubber cup926, theupper cone retainer 844, the lubricator slew 
948, and the guide 950. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 
sleeve 948 has a su bs ta nt i ally annular croas section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional consnerciaDy available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator abeve 948 is 
30 fabricated from aluminum in order to optimally provide drillability of the 
lubricator sleeve 948. 
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As Qlustisted in Fig. 9C the lubricator aWe 948 is supported by the 

hjbrica tormH n d re 1946. Thehmricatoreleeve^mturnsu^ 

926. Theretainer 924 couple* tte * 

apr eferredenux>diinen^ 
6 mfl ndid946 f htefcatDr B teevB948,imdtubbercup926to 

off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the fabricator miindrel 946, the retainer 924, 
^thehibricatorBleeve948. Ih^over^ofthetVparz^dOO.thtg^ 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 gtdde950hasasubatentialhTaninite 

The guide 960 may be mbricatod from any number of conventional 

cammer ^ava^ 

iron. In a preferred embco^t, the guide 950* 
order to opthnally provide arillabmty of the guide 960. 
!5 Thefluidpaesage952iaeoupledto1tomandrel 

the apparatus, the fluid passage 962 preferably convey* hardenable Qoidic 
materials. Inapreferred embodiment 

the centerltoerfthe apparatus 900. In aperticularb/ preferred embodiment, the 
nuidpaaaage 952 ia adapted to convey hardenable fe^ 
20 and(V W r^rangingnx, m about0to9,0tK,paiand0 to 
tooptimaflyprovidapree^ 
the installation of the apparatus 900. 

The varioua elements (rftbenuuidr^ 
of conventional proeaaa such aa, for example, threaded connection!, -elded 
25 commctionsorcem^ 
mandrel** are coupled 

The ahoe 908 preferably mdudes a bouamg954,abody of cenent956, a 
aealingaleeve 958, an extension tube 960, a flu^ 

outlet jete 964. 

80 Thebou«ng954iacoupkdtothe bcdyof ceu^OSeandthelowerportion 

914 of the tubular member 902. During operation of the apparatus WW, the 
housing 954 preferably c 
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shoe 908 to facilitate the n+~"»"™ and positioning of the tabular member 902. 
Preferably, the homing 954 has > substantial^ annular cross-section. 

The housing 964 maj be fabricated from any number of conventional 
commercially available materials such as, for example steel ear aluminum. In a 
5 preferred embodiment, the hearing 954 ia fabricated from flhrmfmnn in order to 
optimally provide driflabflity of the housing 954, 

fa ft particularly preferred imhndimani, the Interior surface of the hmiring 
QH includes one or more pro tr u sions to faciliate the connection between the body 
of cement 956 and the housing 954. 
10 Thebody of cement 9SgiscocpIedto^hoosing954 > andthftaffl1iT>gale^ 
958* In a preferred embodiment, the composition of the body of cement B56 is 
selected to permit the body of cement to be easily drilled out using conventional 

The composition of the bocfr of cement 956 m$y include any number of 
15 oonventkmal cement compositions. In an alternative embodiment, a (billable 
material such as, for example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, aid one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 968 preferably is adapted to convey a 
hardenable fhridic material from the fluid passage 952 into the fluid passage 962 
and then into the outlet jets 964 in coder to inject the hardenablefluidk material 
into an annular region external to the tubular member 902. In a prefe rr e d 
embodiment, duringoperation of the apparatus 900 t the sealing sleeve 958 flu^her 

25 inchidesan inlet geometry that permits a conrentkmal plug or dart 974 to become 
k>dged in the ink* of the seeing In this manner, the fluid passage 962 

n^ be blocked thereby fh^ 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 annular cross-section. The sealing sleeve 958 may be fabricated from any number 
of convention al co m m erdaHy available materish such as, for example, steel, 
aluminum or cast iron. In a p r efe rre d embodiment, the sealing sleeve 958 is 
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-fabric 
sleeve 958. 

The extension tube 960 is coupled to the aealh* skew 958, the fluid 
passage 962, and one or more outlet jets 964. I^gopen^oftheapparatua 
5 900 tlie extension tube 960 pnrferrily is* 

nu ^ to .tbefWdi>W 
o^j^toordertoinje*^ 

external to ttotubnlaxmernber 902. In a preferred embodiment, during 

op^oftheapp^^theaea]^ 

10 geenu^thrt^aamvent^ 

WetoftbeeeaBngaW.968. In *• « P"»*» 962 *"ff 

^f^iaolath^the interior^ * 
J -'i one end of 



the .pacer 938 inorder to opting 

15tW0 * to . preferred e.nbodin^t, tb* extension tube W 
annular taction- Th*e*tensiontube960n^*^ 
of conventional cotnmardally available materials such as, for example, 
annnmnmorcaatiron. In a preferred embodiment, the extension tube 960 * 

20 fabricated from ahinun^ ^ 

eztexLGooQ tabe 960. 

The fluid paw 962 is eoupled to the sea** sleeve 958, theexteiuaon 
tube 960, sndoneormore ^3^964. During operation of the .^aratasWO, 
the fluid passage 962 ia preferably convey, hardenable fluidic * * 

25 p^erredeudx*lhneut,thet^ 

the.poaretu.900. In apartieolariy prefer™! embcdin^thefhudpae^ 
U adapted to convey hardenable fluidk 
^ to abo«t0to9,<X>0p«and0to 
provide fluids at operationally efQcient rates. 
30 Theout^ietam^coupledtotheaealingBle^ 

fJ ^ ^ «f fha moartttua 900, the outlet 

960, and th* fluid passage 962. 

jeta 964 preferably coxwsy 1 



'to the rpgiw* ^frrlftr nf the Tpnrafain 900. Ina preferred embodiment, the shoe 
908 includes a ptaraliiy ofoutlet jets 964. 

fa ft preferred ^^hrmn^ the mtint jeta ft*u comprise pi*«*flpg Arfiieri in 
the housing 954 end the bodfcr of cement 966 in order to simplify 
5 of the apparatus 900, 

The vniirrufl etemratg flf sh<>* 9^ he ratrplfld nmug any immW nf 

conventional process such as, for •*rr w r u . threaded connections, cement or 

machined from one piece of material. In a p re fe rred embodiment, the various 

elements of the shoe 908 are coupled using cement 
10 In a preferred embodiment, the assembly 900 is operated substantially as 

described above with reference to Figs. 14 to create a new section of casing in a 

wellbore or to repair a welfare casing or pipeline. 
In particular, in order to extend a wellborn 

a drill string is used in a well known manner to drill out material from the 
16 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 

forxration is then positioned m In a particularly 

preferred embodiment, the apparatus 900 includes the tubular member 915. Ina 

preferred embodiment, a hardenable fluidic aaaling hardenable fluldic sealing 
20 material is then pumped from a euxftce location into the fluid passage 918. The 

hardenable fhifafc sealing mated 

interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic anating material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 

26 apparatus 900 via the outlet jets 964 and Sis an annular region between the 
exterior of the tubular member 902 and the interior wall of the new section of the 
wellbore. Cont inued pumpingoftho har deoahle fluidic sealingmaterial 
material to fill up at least a portion of the annular region. 

The hardenable fluidic sealing material is preferably pumped into the 

30 annular region at pressures and flow rates ranging, for example, from about 0 to 
5,000 pel and 0 to 1,600 gallonVmin, respectively. Inapreferred embodiment, the 
har d enabl e fluidic sealing m a terial is pum pe d i nto th e annu lar r egion at pr es sures 



and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the bnrdenable fluidic aeabng material while not 
creatmg high en<ni^circalating pressure 

that eouM cause the wellbore to collapse. The optimum pressures and flow rates 




5 are]. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable £h!i£k sealing msterials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cemente designed 
10 apedficalry for the well section being lined available from Halliburton Energy 
Servic88 feDaIlaa,TXm order to 
aember white also mamtamlng opt^ 

operational difficulties during the displacement of the cement in the annular 
region. TheoptiniumcompcaitionofthebUm^^ 
15 ''ring conventional empirical methods. 

The annular regkm preferably is fd^ 
material In sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular regicm of t^ 
filled with hardenable material. 




20 

teahng material, a plug or dart 974, or other similar device, preferably ia 
fa^ucudintotheflrndpassageBTC 

966 rf the tuliular member W2 fcm In a preferred 

embodiment, a non hardenable fluidic material ia then pumped into the interior 
25 region 966 causing the interior region 968 to pressurise. In a particularly 
preferred embodiment^ 
fatwdueedtatothBlhiwp* 

Himilar device into the non hardenabk fluidic material. In this manner, the 
amount of cured material within the mteriw of the tubular meinl^ 

30 isnrinimixed. 

Once tie interior region 966 becomes sufBdenUym 

members 902 and 916 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it amy be ex pendible Daring the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tubular niembers 902 and 915 using 
the support member 904 During this extrujnunpitw^ to 

substantially stationary. 
6 The plug or dart 974 is preferably placed into the fluid passage 962 by 

mtroduring the plug or dart 974into the flmd passage 918 at a surface location in 

a conventianal manner. The plug or dart 974 may comprise any number of 

conventional cmnmerdalh/ wailabte devices to |>taggtag a fl 

for example, Multiple Stage Cemeater (M3C) latch-down ping. Omega latch-down 
10 plug or three-wiper latch down plug modified in aixoraanee with the teachings of 

the present disclosure. In a iweferred embodiment, the ptogor dart 974 comprises 

aMSClatch^TOphigsvKlibkttTm 

After placement of the plug or dart S74 in the fluid pasaage 962, the non 

hardenable fluidk material is preferably pumped into the interior region 968 at 
16 pressures and flow rates ranging from apprrodmaiefy BOO to 9,000 pa and 40 to 

3,000 gauons/mtotoordertooptunaJhro 

off of the mandrel 906. 

For typical tabular members 902 and 915, the extrusion of the tubular 

members 902 and 915 off of the expandable manorelwfflbegm when the pressure 
20 of the mterior region 966 reaches approxinmteh; 500 to 9,000 pei In a preferred 

embodiment, the extrusion of the bibular me 

906 begins when the pressure of the interior region 968 reaches approximately 
1,200 to 8,500 pei with a flow rate of about 40 to 1250 gallons/minute. 

During the extrusion process, the mandrel 906 may be raised out of the 

25 expanded portions of the tabular members 902 and 915 at rates ranging, for 
example, from about 0 to 6 ft/sec. In a preferred embodmmnt,durtog the extrusiOT 
process, the mandrel 906 ia raised out of the expended portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/Bee in order to 
optimally provide pulling speed feat enough to permit efficient operation and 

SO permit fuU expansion of the tabular members 

hardenable flmdk sealing material; but not so feat that timely adjustment of 
operating parameters during operation ia prevented. 
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When the upper end portion of the tubular member 915 is erfruded off of 



916 will preferably contact the interior surface of the lower end portion of the 
eBStmgcastogtofbmanfliitf The contact pressure of the 

5 ovarlappsngjomtiaayw^ 
apreferredembalimei^Uie contact pre 

vppec end of the tabular member 915 and the erietmg aection of wdlbo^ 
rangM fhKn»j f prcrfia!tfely4Mta 

* • * i*__l mm^mm Mink rhflf 




10 

compressive kada, 

to ai>referiedemb<>diiMnt,tte 

bardl ^fhuaJcii»ater^ 

BOeroacbnetheiipperendportW In thia manner, the 

15 sodden release of pressure esused by the complete extxuaion of tte tidnilar 
^en^lSoffoftheeapandab^ 
emboa ^ ttl eope«ting pressure 
irom 10CW toabout 10% durir«th*^^ 
them mdrel906h8»ccnipletedappr^ 

0xtrusio& process. 

)8Bd/orflow 




^ofthehardenableihjidK 
^aterimarecartioUed*^ 
minimise shock. 
26 Ahernath^.ormcombinati^ 

me n^9Mmordertoab9crt the shocked 

Alternatively, or m combtoatioii, a inandrf 
abovettoaupport member OMmordertoeat^ 

30 Oncetbeexbuatanprocessia^^ 

thevrenboie. In apreferred einbodinmnt.e^er before or after the removal of the 
aandrel 906, the integrity of the fluidk seal of the <>verlappmg joint between the 
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upper portion of the tabular me^ 

^ c iP trft*** 1 "«*"g ^nvBPtimial methods. If the fluidic seal of the overlapping 
jomtbetween the t^iper portion of the 

of the existing casing is wtisfectoiy, then the uncnred portion of any of the 
5 hardenable flnldic sealing material within the expanded tubular member 915 is 
then removed in a wawPttoMl manner. The hard en a M e f ini te sealing material 
within the annular region between the expanded tubular member 916 and the 
PT^ng fitting n?wi POTr ration of wellbore if then allowed to cure. 

Preferably any remaining ****** hardenahle fluidic sealing material within 
10 the interior of the expanded tubu^ 

eomfeatto nal manner usinga imvmtinnal drill string. The resulting new section 
rfcaaingpreferahtytadudeattoea^^ 

outer annular layer of cared hardenable {Iridic sealing material The bottom 

portion of the apparatus 900 comjirffring the shoe 908 may then be removed by 
15 drilling out the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it maybe 

necessary to remove the entire apparatus 9Wfi»m the interior 

to a malfunction. In this circumstance, a conventional driH string is 

out the interior sections of the appaxatiis 900 m order to fi^tate 
20 the remaining sections. In a preferred embodiment, the interior elements of the 

apparatus 900 are fabricated from materials such as, for example, cement and 

aluznmum, that permit a convention 

interior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 sections ofthe mandrel 906 and ahoe 908, h^ 

cement 932, the spacer 938, the sealing sleeve 942, the upper cc^ retainer 9U, 

the lubricator mandrel 946, the 

954, the body of cement 966, the sealing sleeve 958, and the exteiuiion tube 960, 
are selected to permit at least some of these components to be drilled out using 
30 conventional drilling methods and a fc* this manner, in the event of a 

malfunction downhole, the apparatus 900 may be easily removed from the 
wellbore. 
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Referring now to Figs. 10a, 10b, 10c, 10d, lOe, IQt, and lOga method and 
apparatus for creating a tie-back liner m a welD^ wffl now be deacrfced. As 
atortrated in Fig. 10a, a wellbore 1000 pon 
1002 includes a first casing 1004 mad a second casing 1006. 
6 The nrstcaaing 1004 preferably uic^^ 
annuhia 1010. The second casing 1006 preferably tetadet a tahilar liner 1012 
and a cement annnhia 1014. In a preferred embodiment, the second casing 1006 
is formed by expanding a tubular member substantially as described above with 
reference to Figs. l«9c or below with reference to Figa. lla-llf. 
10 In a particularly preferred wmhoriiment, an upper portion of the tabular 
liner 1012owlai«wittiakiwerpor1ira Inaparticolariy 
preferred embodiment, an onteranrface of theni»pariKttikmofthetubt»arlii^ 
1012 includes one or more Bealing members 1016 for providing a fluid* seal 
between the tubular liners 1008 and 1012. 
15 Referring to Fig l(»b,m order to created 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1136, one or more fluid passages 1140, seals 1145, and a 

20 support member 1160. 

The expandable mandrel or pig 1106 is coupled to and aupported by the 
support member 1150. The expandable mandrel 1105 Is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available esr^dBhlp mandrels 

25 raodifiedmaceordar^withthete 
embodiment, the eanendable iiunv^ 

substantially as disclosed in U.S. Pat. No. 5,348,095, the disclosure of which ia 

ix UWp oratedherembyreferer^,modifi 

present disclosure. 

30 TbB tubular member 1110 is coupled to and supported by the expand a ble 
mandrel 1106. The tabular memb* 1105 iaespa^ 
extruded off of the expandable mandrel 1105. The tubular member 1110 maybe 
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fabricated from any number of materials such as, for example. Oilfield Country 
TubuJar Goods, 13 chromium ta^ In aprof^ embodiment, 

the tabular number 1110 is fabik^ 

Theinner and outer dJametoraof the tabular member 1110 may range, for 
6 example fix* approxima^ 
InaiHefemdembodiment,tben^ 

lllOnmgefromaboatS to 15.5 hushes ends* to 16 bkbes, respectively m order 
toopttaudfrptovkkcoTerage for typicri o il fiel d carin g riww. The tabular member 
1110 preferably comprises a solid member. 

10 In a pre/err* enibodine^ 

1110 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when ttcmnp^ 1x1 a 

preferred embodiment, the kngth of the tabular member 1110 ia limited to 
nunimixa the poss&Qity of budding. For typical tabular member 1110 materials, 

15 the lengtaof the tubular mimtolllOisp 

to 20,000 feet in length. 

The shoe 1115 ia coupled to the rnqmnrinhfr mnndrel HQS and the tubular 
amber 1110. The shoe lU6tnchides the fhiMpaaa^ The aboe 1116 may 
eom^ aiy numoer of convents 
20 exempt Super SeelHuoetahoe, Super fieri 

with a sealing aleeve for a latch down ping modified in accordance with the 
teaching, of the present d«0oeure. In a preferred einbodiment, the shoe 1115 
cornpruieaanahmjmumd^-jetguh^ 



25 ]^Servk«mI>eIla«,TX, modern 
preeent diedosure, ta order to op^hm^ 

overlapbetweenthetobularm andthecaaii^lO^.optmiaDyftaidic^ 
iaolato the interior of the tabular member 1100 after tba latch dVwn plug has 
■eated, and optimally permit drilling out of the aboe 1115 after completion of the 
SO expansion and cementing operations. 

In a preferred mb~ff™-"», m» inchidea one or more side outlet 

ports 1140 in fluid* coinmunication wita the thrid passage 1135. In thia manner. 
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tha ahoe 111S mjecta bardenable fhudir wwllngmaterialicto the region outside the 
shoe 1115 and tabular member 1110. In a preferred embodiment, tbe shoe 1115 
iiidndea one or cmreofthefluM passages 1140 each havia^ 
can receive adart and/or abaD sealing member. In this manner, the fluid passages 
5 1140 can be sealodoffby mfaodunngaptag. dart aiid/or ball BPfllTngflirmpnta into 

the fluid passage 1130. 

The cttp eeal 1 120 is coupled to and supported by the support member 1160. 
The cup aeal 1120 piewitafomg^ 

the tiibiikrmember 1110 ad^ceiit to the expendable msmdrel 1105. Thecupseal 
10 U20 may comprise any nomber of 
attchau.fbrexsmpl^TPeu^^^ 

accordance with, the teachings of the present disclosure. In a preferred 

end^dtoent, tbe cup sesl 1120 » 

Energy Services in Dallas, TXmorder to optdmalty 

16 contain a body of lubricant. 

The fluid passage 1180 permits fluidic materials to be transported to end 
torn the interior region of the tubular member 1 110 betow the expendable 
mandrel 1105. The fluid passage 1180 is coupled to and positioned within the 
gupport member 1150 and the expandable mandrel 1105. Tbe fluid passage 1130 
20 prrferabfr extends from apo^^ 

expandable mandrel 1105. The fluid passage 1130 m preferably positioned along 
a centerlme of the apparatus 1100. Tbe fluid passage 1130 is preferably selected 
to transport materials such as cenient, d 
pressures rangmg from abotf 
25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rate*. 

The fluid passage 1135peniinafmkficmaterialsto 
passage 1130 to the interior cftbe tubular member lUObefawtba mandrel 1105. 
The fluid passages 1140 permits fhiidfe materials to be transported to and 
30 from tbe region exterior to the tabular member 1110 and shoe 1116. Tbe fluid 
passages 1140 ere coupled to and positioned within tbe shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid pas*** 1140 preferably have a cros* 
^onal shape thatpeniutaaptag,* 

passages 1140 to thereby block further paw of ftuidic materials. In this 

aanner, the Interior region of tha tabular jnanfcex 1110 bekm the expandable 
5 inandrd 1105 can bofluidicly isolate 

member 1105. Thiapermitatbainterten^ 

the expandable mandrel 1106 to be preeaurixed. 

The fluid pasaagea U40areprrferablypositkjn8dalflngtbe 

shoelllS. The fluM passages U40 are pnrfterablyse^ 
10 .ucbaseeii^diuuiigiimd* 

.bout 0 to 8,000 gaDoMtolnuto «nd 0 to 9,000 1* fa ord^ to optinudfr fill the 




fUlJfl^lflr ftW V ▼» ■* — - — - 

fhuniematerials. In a preferred eufcohnumt^ 

inlet geometry that can leeeh* a endAff * bafl eealfag meiiiher. In this 
16 ~.«.n«r , tha fluid passages 1140 can be sealed off by Introducing a plug, dart 
and/or ball seeling elements into the fluid passage 1130. In a inferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative enibodiment, the bene of the shoe UlSinishides a single 
inlet passage coupled to the fluid paassgesll40.thstisads|^toreeei»aph^ 
20 orotbersimflsrdevire, to pexnut the interior re 

t0 pg ftndieb/ i«J«t«d from the exterior of the tubular member 1110. 

The seals 1145 are coupled to and gupportedbyakwerendportionofthe 
trfmlar member 1110. The aesbll«a»ftniherpoaHfaned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overiappii*jomt between^ 

end portion of the tubular member U10 to oeltaidfcfr sealed. 

TheBeals 1145 may comprise any number of conventional co mmpr r iall y 
available seals such as, for trample, las d , robber. Teflon or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
30 embodunrat, the seals 1145 c^ 

ft^m w»iKK,,T*nT, "Rngryv Services in Dallas, TX in order to optimally provide « 
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hyd^seolmthaoverlap^ 

to irithstend the range of tonal tenaOew^conipresBiwkwls. 
Inapreferiedenuxxliment,^ 

B8ttffici entfrk^^ 
5 tubularln~10D8.Inapr«le^^ 
a«d» 1145 ranges fromabout 1,000 to 1,000,000 M in tendon and compreeaon » 
o^tooptunaflYBuppartthee^ 

The Bupport member 1150 is coupled to the expandable mandrel 1105, 
number 1110, ahoe 1116, and aeal 1120. V* aupport member 1150 

B ^ MtoU 00into-tlie wenb6rel0OO. In a preferred «id>odin«mt, the aopport 
ZateUSO ft^ther include* one or more conventional centred (not 
muatrated) to help rtabinie the tabnlar member 1110. 
^preferred embodiment,*,^ 

^member 1110. Inton^.theextruatonoftbatubuiarn^mO 
off of the expandable mandrel 1105 ia facilitated. The lubricant 1150 may 
c^anvnun^erofccnve^^ 

M ^preferred embc4n^ the lub^^^ 

. ^ ir^nrmfflt Co. in Houston, IX in 



(3100) 




toopniMMyP n]fVW1 ™* lw ^ 

InaprefernriendK*^ 
to as*mb* to the remaining portiene of the ^^"^ 
25 miner tbetotredudWforei^ 



This Jniniixes the poeribilitjr of foreign mated* doggmg the 
paasa^ and vutves of the apparel 

interferes with the expansion mandrel 1106 during the extrusion process. 

I» a particular* preferred e»bc4m^t, the ^tua 1100 uudude. a 

SO pac^llttcoupledtothebotto^ 

^regionoftbewein^lCOObetowt^ Inthian^^* 
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.pparatas 1100. The pacta 1166 may comprise any nmnber of conditional 
^o^unereLlly available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drfflable cement retainer. In apreXemd enibodtot, thepacker 

UKeemprisesanEZDrfflFac^ 
5 DaBas,TX. In an alternative onbodiment, a high gel strength pill may be set 
betowthetie-baAfaplaceofthapacker 1166. Ihaiiotheratternativeembodiiaent, 

the packer 1166 may be omitted. 

Iaa p r darredembodmmnt,befare^ 

withmtheweUbcrellM.acot^^ 
10 emmrethat^foxeignmrferia^ 

do^thevsriousfbw,--^.**^^ 
thatMforeJgnniaterMinterferea^ 

1106. 

ABiIhstratedinF*l^ 
W puapediromaa^kxatioamto the fluid The material 1160 

then passes from the fluid passage 1130 into the mterior regie* of ttie tubular 

ffi embsrlllObetowtbeesnandsb^ The material 1160 then passes 




s~\ from thft iatL. — - - — 

U The material 1160 then exits the spparata. 1100 .nd iflb the simular region 

20 between the exterior of the tubular member 1110 and the interior wdl of the 
tabmartosrlOOS. Ccmtamediminpingofthen^ 
1160 to fill up at least a portion of the snnular region. 

The material 1160 niay be pumped 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,600 
25 gsltonaftnu»,reapeetr^.lnapre^ 

into the annular region at pressures and flow istossi)edneelh7 designed for the 
caring sixes bang run, the enmusr spaces being flBed\ the pumping* 
available, and the properties*^ The optimum flow rates 

aiKi pressures are Fuferabh/cal^^ 
80 The hardenable fluids wealing mnhrial 1160 inay comprise any mimberof 
canTCTtinn , 1 — ^^ n lly MvBilable hsrdenafale flrtf ir srelmg materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
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haidena fate flukhc (Baling material 1160 comprises blended cements .pedficaBy 
to weU section being tied^ack, available HaUiburtcn Energy 

Services fai Dallas, IXmorder to optimally pr^ 
n^^UlOwhSfeinaintohiijig opting 
5 operational difficulties dn^ 
The optimum blend of the blended cemente are preferably determined using 

conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 

^titles to enau^that.up™ 
10 snnular region wm be filled with niateriallieO. 
AafflustratedtoKfr mcmcettemmn^ 

with material 1160, one or mow plugs 1168, or ether miiuTaruevioaa, preferably 

^introduxedii^thelhudpassageallW 

^ntfthetubalarmemberlUOf^ 
15 member 1110. Inapreferredembodin^anonhan^ 

to than pumped into the interior region of the tubul« aiember 1110 l*tow the 

man drelll05cauamgthamter^ Inaparticularlypreferred 

^obodinmnt.tl-oneormore^ 

fato the fluid p-saage 1140 with the intr*^***™***^*^ 
20 materiaL In this .nanner. the amount of hardmmble fluldk material witiun the 
interior of the tubular member 1110 is mmimited. 

Aa fflusteated in Fig. 10e. once the taterior become, fufficwntiy 

^^^thatebul^inamb^ 
1105. Durtegtheertrusionp 
25 the expanded portion of the tubular member 1110. 

The plugs 1166 are preferably pfeced into the fluid peasage* 1140 by 
totrodimmg the plugs 1166 into the fund passage 1130 at* surface location in a 
convontionalinanner. ThephagsliSSn^cornpriseanynumber^^W 
commercially availahkdeviceafi^mplu^ 
30 brassballs,ph^rubberb^ 
of the present disclosure. 
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In a preferred embodimen t, the plugs 1165 comprise low density rubber 
balls. In an pftcraitm rm*"*™'"*, *"» « 1105 having a common central 
inlet passage, the phiga 1166 comprise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
5 hardenablefhiidfc material im 
the tubular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximate^ 

In aprrfrrrH r^^i™^ «ftgr placement of the plugs 1165 in the fluid passages 

1140, the non hardenahto finidie material 1161 is preferably pumped into the 
10 interior regkm of the tubular me^^ 

and flow rates ranging born epproximat^ 1200 to 8500 

gallTOHfr"'" ™ ""kr ta eptimalfr provide extrusion of frpksl tubulars. 

For typical tubular members 1110, the extrusion of the tubular member 

1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 1110 below the mandrel 1 reaches, for 

example, approximately 1200 to 8500 psL In a preferred emb o dime nt, the 

extrusion of the tubular memb^ 

when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1105 reaches approximate^ 1200 to 8500 psi. 

20 rin g tin tr**"**™ f*nrm r trr*™^™* mudgri iios may be raised 

out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 5 ft/sec In apreforred embodiment, during the extrusion 
process, the expandable mandrel 1105 is raised out ofthe expanded portion of the 
tubular member 1110 at rates ranging from about 0 to 2 ft/sec in order to optimally 

25 provide permit a4justment of operatkmal parameter 

the extrusion process will be completed before the inateriri 11^ 

fa n prrfmH —^Jm*** ^W^npnrtkp llMolthft tubular moiiber 
1110 has an internal diameter less than the outside diameter of the mandrel 1105. 
In this manner, whan the mandrel 1105 expands the section 1180 of the tubular 

30 member 1110, at least a portion of the expanded section 1180 effects a seal with 
at least the wellbore casing 1012. In a perti-* 1 **^ pH*fi ™ri embodiment , the seal 
is effected by compressing the seals 1016 between the expanded aecticm U80 and 
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^ „ „ I— — * * 

material uw » wnwvu-w — . t - in Tn fnu manner t the 

decelerate the mandrel 1105. 
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herring to Fig. 10T, once the extrusion process is completed, the 
expanda Memendi^ll05isr«novedfiom^ m. preferred 

^i^diaeat.eitto 

the integrity of the fluidie seal of the joint beteieen the upper portion of the 
5 tubular member 1110 end the upper portion of the tubular User 1108 is tested 
using conventional methods. If the fluid* seal of thojomt between the upper 
portion of the tabular member 1110 aMibenpi« portion of the tubutolmer 
1008 is satisfactory, then the un^ 

qpanded tabular member 11101s thenaemowd m a corw entwnn l tnannflr . The 
10 tnat^llSJwithm the «mular region oetw^ 

the tubular liner 1008 is then allowed to core. 

As llhistratad in Kg. iOf, preferabhr any remshiing cured material 1160 

within the interior of the espanded tabular menmer 1U0 is then r«no^ 

conventional! Mtegaemwentionaldrinstring. TheresuHingtie.badrHner 

15 of caei^UTOiiKdiides the expanded tub^ 

layer 1176 of cured material 1160. 

As Ulusteated in Kg. lOg, the reniBinmgbottxmportto^ 

1100 coinprising the shoe 1116 end packer 1156 is then preferably removed by 

drying out tb* shoe 1115 and packer 1^ 
20 faapartieularfrprefcrredw 

thf apparatus 900. 



for 

25 



^bangmgatubularlmerefM^ 

As illustrated in Kg. 11a, a weUbore 1200 is positioned in a subterranean 
formation 1205. TheweDborel200iiich»M 
a tubular easing 1215 and an annular outer layer of cement 1220. 

lniriertoe«teidtheweDborel200mtotbeeu^ 
a drill string 1225 la wed in awall known mariner to drffl out inaterWrrom the 
subterranean formation 1206 to farm a new section 1280. 

As iDiistratodmKg. Ill*, an apparel 
in a subterranean formation is then ,»ittoned m tlm i»ew section 1260 
wellborelOO. The apparatus lSWimrfatm^in^ 
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pig lS06.atubulari»emb«1310,a«h^ 

1330,afta»pasaage 1335,«*als 1340, a support member 1346, and. plug 

I860. t 

The expandable mandrel 1305 is coupled to imd supported by the support 

5 n^lSio.Tbaexpandabkmau^ 

a radial direction. The Bpandable mandrel 1305 may comprise any 

accordance with the teachings of the present disclosure. In a preferred 
embod ^theerpa^ 
10 -d-tanti^asd^m 
h^or^nerembyref^ 

present disclosure. 

The tubnlar member 1310 is coupled to and supported by tbn expandable 
^^1305. The tubular member 1810 is preferably expanded in the radial 
15 directionandextnidedoffcrf^ Tne tubular member 

ISlOnmybefebricatedihmanynnmberofmat^ 

Gentry Tnbnlax Goods (OCTG), 13 diromium stem t^cudng or plastic 
^ In a preferred embodiment, the t^ 
OCTO Tbemnerandouterdian^ofthetubvto 
20 e^fromappr«l»atelT0.75to47lnch« 

^Orange from about3tol5.5in^^ 
toopt^providenunin^teJe^ 

wellbore sixes. 
25 fo a preferred .snbodixnent, the tu^ 

^ an M-M portion 13M, and a lower portion 1365. to a 

p^emfc-diment,*^ 
laSBoftbetubniarmemberWlOrangefromabo^ 
16inches, W cti^y. inapr*ferredemb<>diment,the^^ 
SO diameterofthemtermed^ 

about 0.625 to 0.75 inches and 3 to 19 inches, respectively. Inapreferred 

^bod^thev^ 
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the tubular member 1310r»^ 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
hiennediateeedamlSeOtf^ 
5 wall thickness* *he *H>er and tawer .ectton*, 1SW ^ 1365, of ti* tubular 

aemberlSlOmordertoopthi^ 

and optimally permit the placement of the apparatus in areas of the wellbore 
having ti^it clearances. 

The tabular member 1310 praferably comprises a solid member. In a 
10 preferred etnbodiment, the up^ 
^Imperforated, wether^ 

1306 when it completes the extrusion of tubular member 1510. In a preferred 
embodiment, the kmgth of the tubular memb« 

possibility of buckling. Por typical tubular member 1310 niateriala, the length of 
16 thetabularineiiih«mOi.pieferah^ 

in Iprt g th- 

The ahoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes UnidpaaMgee 1330andl335. The shoe 1315 may comprise 
any number of conventtonalommiama^ 
20 Super Sealllfloat ahoe, Super Seal nDo»n^^ahoeorgiiideahoewttha 
^ 1hi g rifles for a latchntown plug modified m 

thepreaentdiiricwjre. In a preferred embodiment, the ahoe 1815 comprisea an 
alurnhmmdown-MgoideahoewtthaBe^ 
to m Hidibnrton Energy Services* 
25 teacbii^oftbepreaBntdiaclo8Uie,m 
1310 into the wellbore 12M, optbnalty 

member 1310, and optimal*/ permit the complete drill out of the shoe 1816 upon 
the completion of the ertxuafon and eementing operation* 

Inaprefened embodiment, the ahoe Wieftjorfharnmliideaoneornioreside 
30 outlet portamfhiio^cmTimiiniration with in this manner, 

theahoel81SpiHferab^ii^hatdena^ 

outside the ahoe 1816 and tubutar member 1810. Inapreferred embodiment, the 
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ehoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a flnidfc sealing member. In this manner, the fluid passage 1330 can be 
«aled off by mtoodttdng a plug, dart and/or ball sealing elements into the fluid 



_ ^1330. 

5 The fluidpaasage 1320 penmts ftaidic nuteriab to be t^^ 
from the interior region of the tubular member 1310 below the «*pandable 
mandre 11305. The fhadpasaageimb copied to and p^ 
wppor t m ember 1345 aiul the ex^ The fluid passage 1320 

p^toabfr extends from a position adjacent to the surmce to the bottom ef the 

10 ei p^tomandrell305. Theftumpaaea* 1320isp*efer^ 

a centeiiin* of the apparatus 1300. Thefhridpaaaage 1320ispreferabty»elected 
to transport materials ««m as c«nent,druu^ mud, or 



te optimally provide sufficient operating pressures to circulate fluids at 
15 operationally efficient rates. 

The fluid passage 1330 permits fluidic inaterials tobetraiisportedtoaBd 

totheregtonexterimtothetobularmemb^ 

passage 1330 is coupled to and positioned within the shoe 1315 in fhiidic 
cmmmini cation with the interior region 1370 of the tubular member 1310 below 
20 the expandable mandrel 1305. The fhnd passage 1330 preferably has a cross- 
^na! ahape thatparmita a plug, or other sin^ device, to be placed mflmd 
passage iSSOtoiherebybloekfurtnerpaw In this manner, 

the interior region 1370 of the tubular member 1310 below the expandable 
mamir el 1305 can be fluidicty isolated from the region exterior to the tubular 
25 member 1310. This permits the interior region 1370 of the trindar member 1310 
beVmtbeexpandabkxwm^ The iTuM passage 1330 is 

preferably positioned substantially aloi«tbecenterline<rftbeapparato* im 

The fluid passage 1330 is preferably mleetedtocnnveynrnterialssucbas 
c^t.drillmgmudoreporieaatflow 
30 to S000gaUon**nmm*and0to3,^^ 
regionbetweenthetuinJarmen^ 

1200 with fluidic material In a preferred einbodiment, the fluid passage 1330 
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fnfft^ixi an inlet geometry that can receive a dart and/or a ball pealing member. 

t his ™«™iwr, tfrf» fhrifl p T 1 330 *m\pA off by introducing a phig, dart 
and/or ball sealing elements into the fluid passage 1320. 

Tie fluid passage 1335 permits fluidic materials to be transported to and 
5 from the region exterior to the tabular member 1310 and shoe 1315. The fluid 
passage 1336 is coupled to and positioned within the shoe 1316 in fluidic 
communication with the fluid passage 1330. The fluid passage 1S35 is preferably 
positioned substantially along the eenteriine of the apparatus 1300. The fluid 
passage 1335 is preferably selected to convey materials such as cement, uniting 

10 mud or epoxiea at flow rates and pressures ranging from about 0 to 3,000 
galkma/minute and 0 to 9,000 pa in order to optimally EE the annular region 
between the tubular member 1310 and the new ee<4ion 1230 of the wellbore 1200 
with fluidic materials 

The seals 1340 are coupled to and sup p orte d ly the upper end portion 1365 

15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubularmamber 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 12 15 and 
the upper portion 1355 of the tubular member 1310 to be fluidity sealed. The 
seals 1340 may comprise any nvu^ 

20 such as, for example, lead, rubber, Teflon, or epoxy aeals modiSed in accordance 
with th« fawkmgn «f flm pnwnt disclosur e, hi a pr eferred embodiment, the aeals 
1340 comprise seals molded from Btratalock epoxy available from Halliburton 
Energy Services in Dallas, TX in cmler to optimally provide a hydraulic seal in the 
annulus of the overlapping joint while alao creating optimal load bearing capability 

26 to withstand typical tensile and compressive loads. 

Ina pr e fer ted embodiment , the seals 1840 are selected to optimally provide 
a sufficient frictional force to support the expended tabular member 1310 from the 
existing casing 1215. In a preferred embodiment, the frictional forceps 
the aeals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 

80 support the expanded tubular member 1310. 

The support member 1346 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1316, and seels 1340. The support member 1345 
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preferably comprises an annular member having sufficient strength to cany the 
appantos 1300 the new sectkml^ In a preferred 

embodiment, the supportmember 1345 further includes one or more conventional 
centralirere (not illustrate 
5 ^preferred embodiment, the supp^ 
prior to assembly to the remaining portions of the apparatus 1300. In this 
manner.theintro&ic^^ 

This minimixes the possibility of foreign material clogging the various flow 
passages end valves of the apparatus 1800 and to enm« that iio foreign inaterial 

10 interferes with the expansion process. 

The wiper plug 1860 is coupled to the niandrel 18(16 within tte interior 
region 1370 of the tubular member 1810. The wiper plug 1350 tactades a fluid 
passage 1375 Uiat is coinjled to the fluid passage 1320. The wiper plug 1360 may 
coomrisecmeormoreconve^ 

15 example, Multiple Stage Cementer latch-down plugs, Omega latch-dowa plugs or 
three-wh^ Iat^-down 

present disclosure. In a preferred embodiment the wiper 
~ N > Multiple Stage Cementer latch-down plug available from Halliburton Energy 

W Sendees in Dallas, TX modified in a conventional manner for releasable 

20 attachment to the expansion mandrel 1306. 
ma preferred embodiment, bef^^ 
withmtbenew section 1230 ofto 

circulated in order to ensure thst no foreign materials are located within the 
wellbore 1200 that might clog up the various flow passage, and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 

extrusion process. 

Asmustr8tedtaFig.llc,ahard^ 
pumped from a surface location mto ttu. fluid paoage 1820. The material 1380 
then passes frem the fluid passaged 
30 the interior region 1370 of the tubular member 1310 below the expandable 
nmndrell305. Thematerial 1880 than passes from the mteriorregimi 1370 iiito 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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Quid passage 1336 and fills the annuhr region 1390 between the exterior of the 
tubular member 1810andtte 



1200. 

at least a portion of the annular region 1390. 
5 The material 1380 may he pumped mto the annular region 1390 at 
vnasaM and flow rates ranging, for exaiinile, toaboirtOtoWWOpeiiBuiOto 
1,500 gslWmin, reapectively. In a preferred embodiment, the material 1380 is 
pnaped into the annular region 1390 at presaures and flow rates rangtog from 
about 0 to 6000 pal and 0 to 1^00 giiDoM/min, respectMjr.m order to opthnal^ 




10 fill thee — . „ 

of the weUbsra 1200 with the hardonnhln flnktir seiilmg material 1380. 

Thfl hnrrirmnhlr. fhr*- — ««tr 1380 may comprise any number of 

copTrntifm^ ~~™™-i»nv available hardenable fluMir nenlmg materials such as, 
for example, -lag mix, cement or epoxy. In a preferred embodiment, the 

16 hardenable fluid* aeehng material 1380 comprises blended cement! designed 




Servicesmorderto<>ptm^ 

diapkeementoftheiiiateriallSSOm The optimum bknd 

of the cemex* is preferably determi^ 
20 The annular region 1390 preferably ia filled with the material 1380 in 
,uffldent*iantitie*toensuret^ 
1310, the annular region 1390 of the 

filled with material 1380. 

AailhigteatedinFig. lid, once the annular region 1390 hasbeen adequately 

25 fdled with material 1380,awiperd^ 139^ 

toto the fhridpaasage 1320. Thewhwdartl885»preferabfrpum 
fhu^ passage 1320 byamnhardenabkfluinw 
then preferably engages the wiper plug 1360. 

As ilhiatratod in Kg. lie, in a preferred einbodtaient, engagement of the 

30 wiper dart 1395 with the wiper pbgl3W causes 

from the mandrei 1305. TbAwiperd^l395aBdwiperphjgl3»then 

will lodge in the fluid pasaage 1830, thereby blocking fluid ltow through the fluid 



TTl™. Ia. I «^«*^'. tt »'* ,, ' totlS95l,,,,a ™" 



30 maintain the expansion w raw 
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For typical tabular memben 1310, the extension of the tubular member 
1310 off of the expandable mandrel 1806 will begin when tbe pressure of the 
interior region 1370 reaches, for waniple, apimmmate^ 5()0 to psL Ina 
pnsf^ embodiment, tbe extrusion of the tabular member 1310 off oftbe 
5 expandable mandrel 1306 is a function of the tabilar men^ dumieter, wall 
tittneaaofthetubuliffnumto 

the composition of the shoe and tubular member, and the yieM strength of the 
tubular member. Theoptimnm flow rate and opnatrng pressures are i^erably 



10 Durmgthe extension process, the expand 

out of the expended portion of the tabular jnamlw 1310 at rates rangiiig, for 
eample,taabout0to6ft^ec. m aprefetredemb<>dhnent,durmg^ 



process, tho __ 

of the tubular inember 1810 at rates ranging frcmabout0to2fVaecm order to 
16 oi*taalfy provide an effk^ 

operation paranmteis, aim ensure opth^ 

before curing of the material 1380. 

When the upper end portion 1856 of the tabulm inember 1310 is extended 

off of the expandable niandrel 1806, the outer surface of the upper end portion 
20 1355ofthetabulminembttl310iriu 

lowerendportionofthecasingmStofonntt 

contact pressure of the overlapping joint may range, for example, from 
epproxunately 60 to 20,000 pat In a preferred enuiodiment, the contact pressure 
of the overlapping joint ranges from approxta^iOO to 10,000 psimorto to 
25 opthnellypruvidecontactpressn^ 

enough resistance to withstand tjp^ to * 

particularly preferred embodiment, the sealing menbere 1540 will ensure an 
xad fto uate fluidic and gaseous seal in the overlapping joint. 
Inapreferredembodnnent,theopnalingnres^ 

30 fca^eiuiblefluldknMtetM 

mandrel 1305 reaches the upper «wiwrhon 1356 of the tubular m 

In this manner, the sudden release of presaureea^ by tbe compU^ extension 
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o ftbetubal«nK^l3l0offoft^ 

iioear fashion from 100* to about 10* during the end of the extrusion process 
begi^ W hea the mandrel 1305 has completed app*««^ 
5 feet of the extrusion process. 

Att^atbely.ormconibiiiatio^ 
^ 1346 in order to abeorb the shock «a*d by the sudden relem of 

F ^ternath*ly > orm 
10 batheupper end portion 1866 of the t^ 
least decelerate tl» mandrel 1305. 

Once the extnudou proceed 
^o^fromthewellb^im^^ 

16 overleppinwointbetwemtheupperpo^ 

n^aesloftheoverlapp^^^ 
^mOandtheWportlonrfth.e^mSis 

^portbnofthen*terisll380w^ 
20 iathenren^macon^Wmenne,. Tbenu^l380withinth.annnlar 

redon 1390 ie then allowed to cure. 

***** Ttoreww, !m 

conventional drilling methods. 



The ideating prrferahfrm^ 

into an annular region located between the borehole and the exterior of the 
tubular lmer.andai^bardenahlefhnd^ 

tubular liner below the mandreL The method preferably mchidee Guidicly 
5 iaolating the annular regwn from the tatar^ 

entity the nonbardmuddeseah^ma^ The 

in jecting the hardeoable fluidie Beefing material la preferably provided at 

operatmgpreawreaendflowr^ 

gallona/min- Tbe inserting of the nan barteim^ 
10 providadatoperatiiVpraaaureaandftowtaiM 

and40to3,000gall«iatoin. Thebrjectingofthenim ha rdanahlefhridic material 

iaprefexabby provided at reduced operatingp^ 

portion of the extruding. The non hardenahle ftuidic material is preferably 
uqected below the mandreL The method preferably inctadeapTeaa^ 
16 of the tubnlaxEner below the mandreL The region of the tubular liner below the 
numdreliapreferablypreaBuriaedtopre^^ 
Theinethc>dpreferabb*inctod» 

liner from an exterior region of the tabuhu-liner. The method further preferably 
Intrudes curing the hardmahla a-eltng material and rmrmfag at least a portion 
20 of the cured aealingniateriaJk)cated The method further 



The method farther praferabb' includes aaah^ the overlap Iwtween the tabular 
liner a»l the eristingwellb<ne easing. The method farther preferabfr inchides 



26 casing. The rairthod farther preferably 

the overlap between the tabular Hue and the existing wellbore casing. The 
method farther preferably ir^udetr^ 

fluidkBealingmaAerialwithmtheta^ Themet^farther 
preferebfrinetadealu^ The method farther 

30 preferably includes abeorbing shock. The method farther preferably includes 
c atchin g the mandrel open the completion of the extruding. 
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An«pparatu«f OT c*estingnca^ 
formation has been described that includes a support member, a mandrel, a 
tabular number, and a shoe. The support member includes a fir* flum passage. 
Tbemandreliseoupladtothe support memberandmehidesaseeondlbddpassage. 

5 Tbetiumlarmeinbttmcou^ 
Uneraimincmdesatbiidfhiidpassii^ The first, second and third fluid passages 
are operably coupled. The supp<n* member preferably fu^ 

relief passage, riito*^^*^****** 1 **"'*"**" 
pressure relief passage. The support member further prefc^lyb^es a shock 
10 absorber. The support member preferably includes one or more Baling mmnhcra 
.dHptedtopn^fonrignmater^ 

m embar. The mandrel Is preferably espendabte. The tubular member is 

preferably fabricated 

Country Tubular Good^lScbttm^ 

!5 tubular member preferably 

to 155iiiche 9 and8^tol6inche a ,re 8 pecWy.T^ 

baaaplastic yieU point rangiiig from ab^ Tbetabular 

mamber preferably incwto^ 

tabular nunnber preferably includes or*ormorepressu»»h^halesat anend 
20 portion. Thetulnilermemberpreferabb, 



eeupled to the third fluid passage, the ml* port adapted to receto a ptag for 
btockfog the mlet port. The shoe preferably is billable. 
A«nethodofjotob*asecoiritu^ 

25 firrttulmlariaemberhavh^^ 

the second tubular member, has been deacribed that include, positioning a 

m andrdw»hmantoterforiegtonof^ 

fir* and second tubular member 

portion of the interior region of the secomi tubular tnember, and e^ 
80 secondtubularinambaroffofthenum^ 

member. The pxessurbnng of the portion of the region of the second 

member is prefer 
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500 to 9,000 psL The pressurizing of the portion of the interior region of the 
.ecoad tabular member is preferabfr provided at redu^ 
during a latter portion of the eitniding. Tba method further pieferahty 
sealmg the overly between the first an^ The method 

6 further preferably indudessnpportfa^ 
the overlap with the second tabular member. The method further preferably 
includes lubricating the surface of the mandrel. The method further preferaluy 
hxdudee absorbing shock. 

AlinerforuBemcreatinganewaectio^^ 
10 formatkm adjacent to an already existing section of vfeubore casing baa been 
d escri bed that mcwdea an smmlar member The anmuar member i ncludes one or 
, aaain^ inembera atanead portion of the annular member.and one or inorc 



A weDbore casing baa been described tbatmchidesatnbularbneraiidan 
15 aimnlarbodycu-acuredfiukiic sealing iiia The tubular liner ia formed by the 
process of estrudingtbe tubular Imer off of a niandreL The tubular finer is 
preferably fijnned by the process of placing the tubular Itoer aim mandrel wWiin 
the weDbore, and pressurizing an interior portion of the tubular finer. The 
annular body of the cured fluid* sealing material is preferably formed by the 
20 processed injecting a body of hardenable fhridic sealing material into an smmlar 
region external of the tubular Kner. During the press mi Ti ii g, the interior portion 
of the tubular ImOT is preferably fluidie^ 
tubular liner. The toterfer portion of the tabular bner is p^ 
to pressures rangingfrbm about 600 to 9,000 pai The tubular liner preferably 
25 overiapa with an existing welllxro casing. The wellbenecaamg preferably further 
kchrdesaiiealDositionedmto 

weHbore easing Tubular liner ia preferably supported the overlap with the 



A method of repairing an existing section of a weDbore caaing within a 
30 borehole has been dmrribftd thHfaeM^i^^^ni^ar "«* a mandrel 
withm the wellbore casing, injecting 

pressurizing a portion of an interior region of the tabular liner, and radially 
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expj ^th e linermthebore^ fc 

, pTefe rredembodiin«i,tb*f^^ 

of ^^cement, drilling nrud, and epoxy. In a preferred embodiment, the 

.^furthnr includes fh*^^ 
5 from an exterior region of the tabular finer. In a preferred embodiment, the 

injectmgrfthebodjofi^^ 

ratearai^fromabontBCJOtoO.oro^ In a 

p„^eml»dhnent,1hetajeeta^ 
^operathupre^andflowr^ 
10 in.preferredembodim«t.theflu^ 

a p^embrfhue* a re*m of the tabular liner 

^Tpre^taprea™ 
pxaferredembodin^theme^^ 
« *ththeex^w*lIborecaring. Inap^err^rnbodta^then^n^her 

^.ealingthetater^ 

^ In apreferred enfant, the method f^her deludes 
e^ed tubular liner using the eristing wellbore casing. In a prrferred 
cmlwd ^ the n^ further i^ 
M interface between the tabular liner and the existing weDbore caainfr In a 

Inapreferreden*odin^then^fta^ 
3^ ^apreferredexnbodin^tbein^ 

mandrel upon the expiation of the extruding. In a preferred embodiment, the 
25 method farther in^axp^ 

A tie-back liner for lining an existing weDbore casing has been deecribed 
tbatinctades a tabular finer and an annular Wf*. — ■ 
^tenaL Tbetabularb^isforn^dbythepro^of axtn^thetabularUn« 

oSof.mandreL The annular bodyef a ^^^^^T^ 
go to thetnbulaxlh^-taap«femdend^ 

pLe. of Placing the tabular ^ ^ ^ ^^t^ 
P^i^an interior portico ofthe tubular In a preferred emlKHfiment, 



exterior portion of the tubular lfa«r. In a preferred e^bodunent, the 




interior portion. c~- - - 

500 to 9.000 psL Inapreferredembooiment,thaanr^ 
5 ^n^isfonnedbythepro^ofin^ 
^material inte an a^nlarregkmb^ 

tne tubular Ener. In . preferred embodiment, the tubular lamr overlaps with 
^ther exists wallbo« casing. Inapxeferr^ea^cdin^t^ tie^lir^ 

^indntoa^podti^ 
10 other existing wellbor. «^ In a preferred mbodbnent, tulnJar liner la 




An apparatus for expanding a tabular member bss been deaeribed that 
includes a auwort number, a n^mdr^ 

support number mcludes a first fluid paaaags. The mandrel U coupled to the 
15 support member. The mandrel h^ud<» a second fhn^ 

to the Crstfh^passage, anmterbr portion, anda^ Theinterior 
portionofthenWrelisdrillable. Tha tubular member is coupled to m»H 

, . ^ . . . . „,_,>,_ The shoe includes a third fluid 
The shoe is coupled to the tubular member, ina anoe u»uu» 

paHsageopen^coupledtotheeeco^ 
20 exterior portion. The interior portion of tha .hoe i. driUabk. Prefer**, the 
interior portion of the mandrel induces . tabular membra* a Ic^beartog 
number. Preferably, the load bearing member comprises a drillable body. 
Preferahly.tbe interior porUonrftheshc^ 

beaxingmember. Vt*^.&^*^* m ^ t ™*^ m * aaM ***'' 
Preferably, the exterior portion of the mandrel eompisa. an ««nax^ cone. 

Preferab^.theexr«naion«>neiafabri^ 
cor^i^afte^ 

asurtacebardneaaraagtagfi^abou^ Preferably at least a 

portion of the apparatuaia drillable. 

Although illnatratrveemb^ 
deseribeiairtderangeofmodi^ 

in tb* foregoing disclosure. In some instances, some featum of 1b* present 



.mentum may be employed without a corroponding use of the otter fetfures. 

Accordin^.ftiaapprx*^ 

in a manner consistent with the scope of the invention. 
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11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 ir?t? ffi "C « tnhnUr liner and a mandrel in the borehole; 

4 injecting Onidic material into the borehole; 

5 preMuriztogaportkmofaainterioTregion 

6 radially expanding at least a portion of the liner in the borehole by 
f ertrudn^atleartaportionafth^b^offof^mandreL 

12. A method of creating a casing in a borehole located in a section of a 
2 subterranean formation, the borehole having an already existing casing, 
S oompriiring; 

4 drilling out a new aection of the borehole adjacen 

5 casing; 

6 placing a t abu lar liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlap^ the tubular liner wHh the 

9 in jecting a hardenable fluidic sealing material into an annular region 
10 between the tubular liner and the new section of the borehole; 

U Qjxidkly isolating the annular region betwe« 

12 section of the borehole from an interior region of tbe tubular liner 

13 below the mandrel; 

14 injecting a mm hardenable Quidk material into the interior region of tha 

15 tubular liner below the mandrel; 

IS ex te ndin g the tubular liner off of the expandable mandrel; 

17 seaBng the overlap between the tabular liner and the already existing 

18 casing; 

IB supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



the already existing casing; 

fluidic sealing material from 



28 
23 
24 

„, the interior of tbe tabular liner, 

• • ^r™, of the fluidic hardeaable fluidic sealing 

26 curing the remaining portions of tne iraww 

27 material; and 

28 removing at kastaportion of 
a within the tabular liner. 



1 3 
2 
3 
4 
6 



7 
8 



10 



12 
13 



15 



^tmamber theaapportmenibarh«^»fc*^P*Wi 
.ZLl^'tothe^n^.them^nvhiamg: 



and 



7 ^theflrst.seco.dandthirdfh^ 

2 ' » support member, the wp^u^ 
a first fluid passage; 
a aecond fluid passage; and 

MM to tt. «PP«t m-b«. * 



3 
4 

5 

6 an 



9 a tubular 



tabular member including 



one or more 



u a shoe coupl-dtathe tabular m^ 



** . .„ ,. -„i »,*mrtp of the shoe; end 
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16 at least one sealing member coupled to the support member, the sealing 

27 me mber adapted to prevent the entry of fareign material into an 

IS interior region of the tubular member* 

1 5. Amethodofjcriningaaec^ 

2 flnrt; tti^m!*^ Trwm^ey Kmrmg an iimgr cBmnatar greater than em outer diameter of 

3 the second tabular member, comprising 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pceesurl^apoTtion of the interior 

7 end 

8 ertn F * fa g tha tmtxmd tabular member off of the mandrel into engagement 

9 with the first tubular member, 

1 6. A tubular liner, comprising: 

2 an annular member, the annular member including: 

S one or more sealing members at an end portion of the annular 

4 member; and 

5 one or more pressure relief passages at arxe^ 

6 member. 

1 7. A wellbore casing, comprising: 

2 a tubular liner, the tubular linerfonnedbythepnx*ssof: 

3 extruding the tubular liner off of a mandrel;and 

4 an «TmitlAr body of a cured fhiklk sealing material coupled to the tubular 
6 liner. 

1 8. A tie-back liner for Boi^ 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubular liner off of a mandrel; and 

4 an annular bodfr of a cured fluUic sealing malerial coupled to the tubular 

5 liner. 



-71- 



1 9. 

2 

3 

4 

6 



11 
IS 
13 



An^^art^forexp^atubularmen^.wmpriW 

a second fluid passage 
an interior portion; and 



6 an exterior portion; 

7 »her«ia the interior! 

...v-i.. ^ counted to the mandrel; and 



9 mW tobnteineniber.theahoeindndmg: 



9 a ihoc coupled to the 
10 



a third fluid passage 
an interior portion; and 
an exterior portion; 
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